Green fluorescent protein (GFP) and other genetically encoded fluorescent proteins provide a means to study gene expression pattern and protein localization in living tissues. Recently discovered GFPlike fluorophores and engineered variants have further expanded the fluorescent protein toolkit for in vivo imaging. Here we describe a technique using transgenic C. elegans that contain laminin or type IV collagen fused to the green-to-red photoconvertible fluorophore Dendra2, to track the fate of the basement membrane. The following protocol will allow researchers to optically highlight individual basement membrane components during developmental processes, tissue homeostasis, and aging.
Introduction
Genetically encoded fluorescent proteins provide a powerful means to determine gene expression patterns and localize dynamic molecular changes in living cells, eliminating the need for fixation with antibody or in situ staining procedures [1] . The usefulness of fluorescent proteins as experimental reagents in living tissues was first recognized when the green fluorescent protein (GFP), cloned from the jellyfish Aequorea victoria [2] , was expressed in the nematode C. elegans [3] . These nematode worms harbored a genetic construct encoding a protein fused in frame with the gene encoding GFP, allowing that protein to be visualized in living worms [3] . Since then, numerous additional GFP or GFP-like fluorescent proteins have been discovered or engineered including spectral variants [4] , and fluorophores that can be photoactivated (i.e., from a non-fluorescent state to a fluorescent state) [5] , photoconverted (e.g., from green to red fluorescence) [6] , or work as fluorescent timers (switching from green to red after a set period of time) [7] . Dendra2, a mutated variant of Dendra-the fluorophore derived from octocoral Dendronephthya sp., is a highly stable photoconvertible fluorophore that switches its fluorescence state upon brief exposure to short wavelength light (e.g., 405 nm) [8] . Dendra2 initially fluoresces green under blue light (similar to GFP), however, a brief exposure of short wavelength light induces an irreversible conformational change in Dendra2 and it thereafter fluoresces red under green light. When tagged to a protein of interest, Dendra2 allows realtime tracking of the spatial position of a cell, organelle, or a subset of protein molecules and their dynamics (i.e., half-lives and replacement by nonactivated protein) [9] over an extended period of time, in a manner analogous to a pulse-chase radioactive labeling experiment.
Here we present a protocol for Dendra2 photoconversion (also referred to as Optical Highlighting) that allows monitoring of the spatiotemporal dynamics of the two major structural components of basement membranes (BMs), laminin and type IV collagen, in C. elegans. BMs are the dense, sheetlike forms of extracellular matrix that provide structural underpinning for epithelia and endothelia and regulate diverse functions in the cells that adhere to them [10, 11] . Built of as many as 50 distinct molecules ordered in specific and complex arrangements, BMs cannot be synthesized in vitro and can thus only be fully studied in their native form [11] . The BM in C. elegans is highly conserved and is composed of all the major structural components found in vertebrate BM, including type IV collagen, laminin, perlecan, and nidogen [12] . Further, BM components can be easily tagged with GFP and visualized in living animals. The powerful genetic and molecular tools available in C. elegans provide a unique opportunity to study the mechanisms that regulate BM assembly and turnover. The following protocol can be used to photoconvert a region of laminin or type IV collagen within the BM of a worm at any developmental stage and then track the fate of the optically highlighted protein for up to several hours. This protocol should enable, for example, analysis of the half-lives of BM components or the fate of the BM during developmental processes, tissue homeostasis, and aging. Dendra2 DNA sequence [8] was engineered to contain C. elegans codon usage [13] and three synthetic introns (sequence is available upon request). Dendra2 fusion constructs were made http://www.nature.com/protocolexchange/protocols/2058#/introduction by inserting the C. elegans modified Dendra2 into the mluI site of pGK39 (laminin::GFP) and the Msc1 and BsrG1 sites of pJK750 (type IV collagen::mCherry). Constructs were injected and integrated strains made as described previously [14] .
Equipment
Standard equipment and reagents for culturing and working with C. elegans [15] . 5% Nobel agar containing 0.01M sodium azide (NaN3; used as an aesthetic to immobilize worms for imaging) CAUTION--NaN3 is TOXIC--WEAR GLOVES.
Standard microscope slides and coverslips. Dissecting stereoscope to use for standard worm work (e.g., Zeiss, Leica, Nikon, Olympus, etc. for this and the following microscopes).
Laser scanning confocal microscope equipped with 405nm laser for photoconversion. (488nm light has also been reported to work well and is less phototoxic [8] ).
Additional wide field fluorescence microscope or spinning disc confocal equipped with a digital camera (optional).
Image analysis software (such as Image J 1.40g) for quantitative measurements of changes in fluorescence intensity or position of optically highlighted BM (optional).
Procedure
Step Helpful Suggestion: If examining a specific developmental stage, it may be beneficial to perform synchronized L1 stage larval plating, which facilitates picking the appropriate developmental stage.
Step 2. Photoconversion using a 405nm Ultra Violet (UV) Laser (Timing ~5-10 min) Using a laser scanning confocal microscope equipped with a 63X or 100X objective, acquire an image of the worm you wish to photoconvert. Next, photoconvert a region(s) of BM using a customizable region of interest (ROI) bleaching tool within your laser scanning confocal acquisition software. For our studies of the uterine-vulval BM in the late L3 stage of hemaphrodite development, the optimal photoconversion was achieved using the 405nm laser at 1-2% power, and a high number
the same animal or a few worms per slide. When photoconverting several worms per slide it may be useful to carefully mark particular worms so that you can easily keep track of them when moving between microscopes. If working on an inverted microscope, this can be done with a marker on the underneath side of the microscope slide (opposite the coverslip).
Troubleshooting: You may need to adjust the laser power or the number of iterations to optimize photoconversion of the BM in your context.
Troubleshooting: Using the laser scanning confocal, if there is BM above and below the focal plane, some Dendra2 will become photoconverted and may give undesirable results or interfere with experimental analysis. Reducing the pinhole size on the confocal can minimize this problem.
Troubleshooting: Complete this and the following step as quickly as possible in order for the worms to remain healthy. If the worms are on the NaN3 pad for longer than 15-20 min., they will likely not survive. After performing the procedure a few times, you will become familiar with the protocol and more efficient with your time.
Step 3. Image Worms Immediately following Photoconversion (Timing ~2 min)
If appropriate for your experiment, image worms on a wide field fluorescence microscope or spinning disc confocal. Be sure to use the same image acquisition settings (i.e, laser power, exposure, gain, binning, etc.), if you plan to do quantitative measurements amongst different images.
Troubleshooting: Though sufficient, the signal from the photoconverted BM may be relatively weak (more so with type IV collagen::Dendra). If your experimental design requires you to image the worm at multiple time points or to acquire z-stacks, it would be best to use a spinning disc confocal, which uses less light than the laser scanning confocal.
Step 4. Recover Worms to Food Plates (Timing ~1 min) Recover worms by sliding coverslip back and picking (with a glob of OP50) or using a mouth pipette and M9 to transfer animals to food (OP50 E. coli) plates for the necessary amount a time at the appropriate temperature (e.g., 15˚, 20˚, or 25˚C). For example, your experimental design might require L3 larval stage worms to develop for 4 hours at 25˚C before you reexamine them. http://www.nature.com/protocolexchange/protocols/2058#/introduction
Step 5. Mount Worms and Reimage (Timing ~5-10 min) If appropriate, mount worms on new noble agar pad with 0.01M NaN3 and reimage. Image analysis softwares (e.g., NIH ImageJ, Imaris by Bitplane, or Volocity by Improvision) can be used to quantify changes in the position or fluorescence intensities of regions of photoconverted BM in 3D, over time. As a reminder, if taking quantitative measurements, it will be important to ensure that image acquisition setting (e.g., exposure, gain, laser power, binning, etc.) are maintained between imaging sessions or experiments.
Timing
The photoconversion techniques associated with this protocol are rapid ~15 min. total time. See procedures for the time required for each step. Additional time may be required for your experimental design, for example, you might need to stage the worms several hours beforehand, or require a long time interval between photoconversion (Step 2) and reimaging at a later time point (Step 5).
Troubleshooting
Step 2:
Troubleshooting: Using the laser scanning confocal, if there is BM above and below the focal plane, some Dendra2 will become photoconverted and may give undesirable results or interfere with experimental analysis. Reducing the pinhole size on the confocal can minimize this.
Troubleshooting: You will want to complete this and the following step as quickly as possible in order for the worms to remain healthy. If the worms are on the NaN3 pad for longer than 15-20 min., they will likely become sick. After performing the procedure a few times, you will become familiar with the protocol and more efficient with your time.
Step 3:
Troubleshooting: Though sufficient, the signal from the photoconverted BM may be relatively weak (more so with type IV collagen::Dendra). If your experimental design requires you to image the worm at multiple time points or to acquire z-stacks, it would be best to use a spinning disc confocal, which uses less light than the laser scanning confocal. http://www.nature.com/protocolexchange/protocols/2058#/introduction NIH Grants GM079320 and GM079320-03S1 to D.R.S. and non-photoconverted BM (green) is shown in (D') and grayscale of photoconverted BM is shown in (D'') . Arrowheads denote anchor cell and dotted white lines depict position of vulD vulval cell-the BM moves relative to these cells between the mid-to-late L3 and early L4 stages. Scale bar represents 10µm. 
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